Background: Since introducing stereotactic core biopsy (SCB) on breast lesions in Denmark, no national follow-up of the procedure has been executed. Purpose: To evaluate performance of SCB in Danish mammography screening. 3 areas were selected for evaluation: diagnostic value of SCB, performance of the Danish 7-tier mamma-radiological classifications system, DKBI-RADS, and diagnostic delay for SCB-diagnosis. Materials & Methods: Danish retrospective national cohort study including 2195 screening patients undergoing SCB. Study period: 01.01.2010 to 30.09.2012. Patients were identified from The Danish National Patient Register. Pathology-data were obtained from the Danish Pathology Database. Radiological-data according to DKBI-RADS were recorded. Diagnostic delay from clinical mammography until diagnosis was registered. Results: 173 SCBs indicated cancer; all operated with 3 cases finalized as benign. 1296 cases were determined benign with diagnostic surgery in 81 cases of which 31 were concluded pre-malignant/malignant. Correlation between DKBI-RADS and pathology diagnosis: 329 of 485 DKBI-RADS3, 227 of 450 DKBI-RADS4 were benign. 4 of 16 DKBI-RADS5 were benign. The diagnostic value of pre-malignant/malignant SCB related to results from surgery showed 94.4% sensitivity and a positive predictive value of 93.9%. Median diagnostic-time of single-biopsy was 13 days. Conclusion: The performance of SCB in Denmark is comparable to international studies regarding the diagnostic value of malignant SCB. The study indicates that DKBI-RADS classifications are not used consistently regarding micro-calcifications selected in screen-
Introduction
Breast cancer is the most common cancer among women in Denmark with about 4800 new cases every year and with an incidence rate increasing steadily for years [1] [2] . The increase in breast cancer awareness and national use of screening mammography has led to early detection of pre-malignant and early stage non-palpable breast cancer. In Denmark, women between ages 50 -69 are invited to a screening mammography bi-annually, resulting in approx. 500,000 screening mammographies annually [3] . Of these 2.6% are invited to additional mammography and ultrasound (US) [3] . Approximately 65% invited for further examination do not have cancer or pre-malignancy [3] . Most of the women will be definitively, diagnostically clarified with US-guided core biopsies.
Some lesions detected on screening mammography cannot be verified by US examination, typically micro-calcifications. Thus to determine these, a core biopsy for pathological examination is required. The sampling technology stereotactic core biopsy (SCB) provides a method to verify the diagnosis [4] [5].
Materials and Method

Population
A cohort from the Danish National Patient Register 1 was defined by identifying all women registered with the procedure codeKTHA10A of SCB within 90 days after a screening mammography (UXRC45) between 1st January 2010 and 1st
October 2012. Figure 1 shows a flow chart of the study population.2195 women were selected for SCB. However, the procedure-code for SCB was registered but SCB not carried out in 46 cases. Registrations do not indicate whether procedure was merely cancelled due to for example no show. Altogether, 2288 SCB were performed on 2149 women. Bilateral SCBs were performed on 58 women and re-SCBs on 51 women. 1 Denmark has several high-quality national registers including the Danish Civil Registration System (CPR Register). Every person is registered with a national, social security number (CPR number) indicating time of birth and gender. Death, emigration, residence and several other data is also registered under the CPR registration. In the Danish public health system, all patients treated in a hospital are registered in The National Patient Register (NPR) with their CPR number, a code of diagnosis and a code of treatment supplied as well as a code of the hospital and the department treating the patient. The pathologists register the histological information about all biopsies and specimens in The National Pathology Data Bank (Patobank). The study group was divided into two sub-cohort groups:  Group A, single SCBs group, which includes women (2103) undergoing clinical mammography, SCB and in some cases operation in order to diagnose or treat pre-malignant or malignant lesions. The group also includes women (10) with more than one screening during the study period. Four women were excluded because of missing pathology information. In total, 2175 single SCBs performed on 2099 women were included in the single SCB sub-cohort.  Group B, includes women (51) undergoing re-SCBs defined as SCBs performed within 90 days from the first SCB. 109 SCBs were performed of which 54 were re-SCBs. Note that in the flow-chart we reference cases, since one woman was included in both groups because of bilateral SCB; one case was closed after re-SCB; and one case proceeded to operation. In total 21 cases were finalized after re-SCB and 31 cases underwent an operation after an additional SCB. Finally, five women with more than one screening in the study period and re-SCBs were included. One woman underwent a second re-biopsy. The initial and additional SCB was performed on both breasts. The woman was counted in both sub-groups.
The analyses concerning the correlation between DKBI-RADS and final pathology result (single-SCB, re-SCB or surgery) include single-SCB as well as re-SCB.
Mammography and Radiological Classification
The European and in particular the northern European countries, including the UK, but also Australia and New Zealand, use a 5-tier classification system. These are typically either modified, versions of the American BI-RADS classifications, or a 5-tier classification developed by The Royal College of Radiologists Breast Group, or a Tabar 5-tier classification [6] [7] [8] . The Danish classification system (DKBI-RADS), as recommended by DBCG [1] , is a modified classification, based on a combination of versions of the American BI-RADS and possibly the Tabar classification. To clarify the difference both the current American BI-RADS and DKBI-RADS classifications are illustrated below ( Figure 2 and Figure 3 ).
All Danish mammography centres provided pathology reports. All except the largest centre made clinical mammographies, in total 1181, available for the study. These were reviewed and mammography descriptions with missing classifications were classified subject to the following methodology: If the mammography was described with suspicious or malignant characteristics, the lesions were considered suspicious or malignant. Such mammographic findings were classified as DK-B4 if suspicious and DK-B5 if malignant. Similarly, a large part of mammographies with most likely benign morphological characteristics, lesions with non-specific morphology or with no further morphological description were considered DK-B3.
Patients in Denmark are referred to the radiology breast-unit for a clinical mammography. This includes supplementary mammography combined with a clinical examination, ultrasound-scan of breast and axilla and if relevant, biopsies. Additional MRI of the breasts is available if necessary. Triple diagnostics form the basis for Danish breast-diagnostics, and comprise palpation, diagnostic imaging, and fine needle or core needle biopsy. Lesions, which are non-detectable by clinical-mammography, predominantly micro-calcifications and a minute group of small lesions without calcification, cannot be appropriately diagnosed with triple diagnostics and are referred to SCB.
We know that about 30% of screening [9] 
Stereotactic Core Biopsy and Equipment in Denmark
SCB makes use of the underlying principle of parallax in order to determine the depth or "Z-dimension" of the target lesion and thereby measure the targeted le-
SCB is carried out in several mammography centres in Denmark. As shown in Table 1 , there is some level of centralization of the stereotactic procedure. Table   1 shows that the various centres use a variety of stereotactic equipment both vertical (add-on) and horizontal. Also, SCB systems in use vary, with pros and cons for each of these systems [12] . Further analysis of this aspect is, however, outside the scope of this article.
Pathological Classification
We collected information of pathological diagnosis from SCBs and surgical excisions from the Danish national register of pathology, Patobank. Dates of SCB, surgery and verified diagnosis were registered.
The pathological findings were classified as benign, pre-malignant or malignant according to the Danish national guidelines [1] .
If micro-calcifications were the reason for SCB but SCB did not identify these, the SCB was considered non-representative.
Benign lesions include a variety of benign morphologies.
Atypical lesion is a heterogeneous group of histological findings. 
Statistical Analysis
Descriptive statistics and comparative analyses were used. Categorical variables were summarized by frequencies and percentages, continuous variables by mean, standard deviation, minimum, maximum, and the quartile set. The data sources were linked by pseudo-anonymized patient id and breast location (left/right). Re-SCBs were defined as SCBs in the same breast within 90 days. For time to final diagnostic clarification, we considered the time from mammography to SCB or operation. Pre-malignant and malignant SCBs were considered final since subsequent surgery per definition has a curative intention. All statistical programming and analyses were performed using STATA 14.0 (Stata Corp. College Station, TX, USA).
Results
Pathological Result for Group a Single SCB (Table 2)
A comparison of SCB pathological findings and subsequent surgical excision if performed is shown in Table 3 . In total 899 (41%) of 2175 single SCBs were referred to surgery. 81 (6%) benign SCB were operated for further diagnosis and of these 38% were found to be malignant. 26 (45%) with non-representative SCBs also underwent diagnostic surgery without obtaining a diagnosis from a re-SCB. 619 of the 647 premalignant lesions (96%) were operated according to guidelines. All 173 malignant lesions were operated. In three cases (2%) no malignancy was found. 
The Diagnostic Value of a Pre-Malignant or Malignant Group A SCB
The diagnostic value of pre-malignant/malignant SCB in relation to the end result from surgery shows 94.4 % sensitivity and a positive predictive value of 93.9% (Table 4 ).
Pre-Malignancies of Group A Single SCB
Specifications of pre-malignancies are illustrated in Table 5 . In 13/619(2%) SCBs the diagnosis was not specific as to whether it was DCIS, LCIS or atypical lesions. All underwent diagnostic operation.
The majority of pre-malignancies were identified as DCIS in 567 (91%) SCBs.
Isolated LCIS was found in 15 (2%) SCBs. Pre-malignant atypia was identified in 52 (8%) SCBs and operation was performed in 43 (83%) cases.
Pathological Result of Re-SCBs (Group B)
Re-SCBs performed on 51 women. Two women were included in more than one screening and there were bilateral re-SCBs. In total, 54 SCBs were performed on 51 women. accepted as benign after re-SCB. 9 benign re-SCBs were still not accepted as benign and proceeded to operation. 22 re-SCBs were diagnosed as either premalignant (18) or malignant (4) and were operated according to guidelines. Table 6 is an overview of the lesions assigned to the DKBI-RADS categories (DK-B3, DK-B4 and DK-B5) and the distribution of the final pathology-result of the lesion, irrespective of whether the final result was reached after single-SCB, re-SCB or surgery according to each DKBI-RADS category. Earlier we described 969 mammographies with DKBI-RADS classification; four women were excluded because of missing pathology, five women were included in both sub-cohort groups of which two women underwent re-SCB, bilaterally. In total, the analyses included 951 cases where classification was possible.
Comparison between DK BI-RADS Classification and the Final Pathological Diagnosis
Diagnostic Delay
To examine potential delays, we evaluated the process from clinical mammography to definitive diagnosis by either SCB or surgical excision. Throughout the study we have divided the population into two subgroups: the sub-cohort groups A: single SCB and B: re-SCB respectively.
There was inconsistency between the number of mammographies and pathology evaluations due to lack of mammography descriptions, lack of DKBI-RADS classification and in a few cases lack of pathology diagnosis. Half the 805 women undergoing single SCB were diagnosed within 13 days. The group of re-SCBs included 21 cases, and half of the patients were diagnosed within 38 days (Table 7 and Table 8 ). 75% of the women undergoing single SCB were diagnosed within 27 days but it took about twice as long (52 days) to diagnose the sub-cohort group of re-SCB.
The meantime of the single SCB and the re-SCB sub-groups was 18 and 40 days, respectively. S. Redsted et al. 
Discussion
A strength of this study is that it is based on a large homogeneous cohort from the Danish screening mammography population. Denmark has very complete national registers, allowing us to avoid selection bias and, furthermore, everyone has a civil registration number providing access to information for each patient.
Collection of data was carried out by one person to ensure a uniform database. Finally, it is a large national study, which includes all centres in Denmark in terms of pathology reports.
The study has limitations, too. Unfortunately, the clinical mammographyre- The centres use different equipment. The volume of SCB specimens may be associated with failure to obtain correct histological diagnosis [12] . It is anticipated that types of equipment may influence the performance of SCB. Whilst the focus of this study is on the performance of SCB as part of the Danish screening mammography, and not on a qualitative examination of SCB equipment, another study into this subject is suggested.
In our study, up to 32% of DK-B3 was diagnosed with malignancy or pre-malignancy.
It is expected that the frequency of malignant lesions for each DKBI-RADS category will not correspond well the current American BI-RADS due to the modified DKBI-RADS. The yield of cancer for American BI-RADS3 is 2% or fewer; 23% -25% among BI-RADS4 and previously published cancer outcomes of BI-RADS5 was 81% -100% [4] [15] [16] . In addition, it should be mentioned that the recommended cancer risk of 2% or fewer for American BI-RADS3 are based on follow-up mammographies and not on a biopsy approach [17] .
Other studies have reported variation in malignancy rates. Literature suggests a ratio of malignancy among American BI-RADS3 lesions on SCB between 4% -18% [18] [19] . One study found, as we did, that half of the American BI-RADS4 lesions were benign [20] . It is important to note that the reason behind diagnostic problems is that screening-detected micro-calcifications often are very discrete and in an early stage. As there is no morphologically clear indication of these, they are difficult to classify.
In respect of the performance of SCB, our study shows concordance of 93.9%
of suspicious SCBs in comparison to final diagnosis, which is comparable to the 80% -96% shown in earlier international studies [9] , where the results are based on the use of a variety of biopsy equipment as in our study. We found that 6% of cases with benign SCBs were referred to diagnostic surgery. The reason for referring to surgery and re-SCB may be that there is no consensus in Denmark regarding the strategy for sub-pathological core SCB diagnoses such as FEA, ADH and sub-categories of LCIS. Another reason could be discrepancy between DKBI-RADS classifications and the SCB findings. 2% of pre-malignant SCBs were not classified as LCIS, DCIS or atypia, which makes re-SCB or surgery inevitable.
In terms of re-SCBs, we found 8 pre-malignant/malignant cases out of 54 cases undergoing re-SCB. A reason could be that these re-SCBs may have been carried out in order to determine the size of the lesion or multi-focality with a view to planning of surgery.
52% of non-representative cases were operated for a diagnosis. X-ray of the SCB specimen as part of the SCB procedure serves to confirm that a representative amount of micro-calcification from the index lesion is included in the specimen. Calcification potentially lost in the course of trimming the paraffin block when preparing H & E sections should not be a cause of discrepancy [21] . However, in Denmark a benign histology report is not accepted without representative micro-calcifications.
2% of malignant SCB cases were diagnosed benign after surgery. This may be due to the initial malignant lesion being small and the whole cluster of malignant micro-calcification removed by SCB. Other reasons may be pathologist misinterprets initial SCBs as malignant or surgeon fails to remove correct lesion. What could appear as a misclassification may indeed be caused by one or more of above issues. Hence, the above indicates a potential cause of discrepancy, when operation specimens with x-ray-confirmed calcifications are sent for examination, and the final pathology report, despite thorough examination, is unable to confirm.
Finally, the study intended to clarify whether SCB causes a general diagnostic delay. A diagnostic interval is not only delayed by additional SCB but also prolonged by diagnostic surgical excision in some cases needed to complete diagnosis. All diagnostic tests for breast cancer have known rates of misinterpretation [22] , which may cause delay in the diagnostic process. Misjudgement of pathology findings has been reported in 0.7% -4% of breast cancers [23] [24] . Again, this can result in unnecessary assessment including re-SCB or even (diagnostic) operation causing delays.
Generally, delay in any cancer diagnosis is common, and it is accepted that total delay should be as short as possible [25] . European Society of Mastology (EUSOMA) recommends [22] that at least 70% of patients with non-palpable breast cancer should be diagnosed preoperatively.
According to EUSOMA, time recommendation from diagnosis to final operation is 20 working days, ideally less [22] . We decided only to calculate the delays from mammography to final pathological diagnosis. This could either be after first SCB, re-SCB or diagnostic operation.
S. Redsted et al.
We found, that the median diagnosis time for women with a straightforward clinical examination is acceptable: 75% of women were finalized within 27 calendar days, meeting the recommendation. The expectation is that women undergoing re-SCB would have a delayed diagnostic process, which the study also shows; only 25% of these women were diagnosed in time (within 28 days).
Conclusions
This study demonstrates results comparable with other studies as regards malignant SCBs and the final pathology report after surgery [9] . A positive predictive value of 93.9% on pre-malignant/malignant SCB is a satisfying result, although further study of the falsely negative SCBs would be recommendable in order to obtain a complete test analysis for SCB in Denmark. The number of patients with malignant finds from SCB (38%) and the 41%, who proceed to surgery from single SCB, appears high and is perhaps also an area for further study in order to determine whether too few SCBs are carried out. Furthermore, it is indicated through this study, that the number of benign SCBs, which have still proceeded to diagnostic surgery, is high and the subsequent number of malignancies found is greater than shown in other studies [9] . This could indicate that there is a need for further centralisation of centres performing SCB in Denmark as well as a study into improving performance regarding the issues identified above.
The DKBI-RADS classification of micro-calcifications is not comparable with other studies. We know from other studies, that approximately 25% -30% of patients selected for SCB have malignant finds and that it is difficult to classify the finds on the basis of mammographies. This is probably the reason why mamma-radiologists in Denmark in general do not want to classify micro-calcification lesions prior to SCB. In part, this may be attributable to the classification being too uncertain as also indicated by many studies. The study indicates that a robust management system is in place in Denmark based on Pathway for Diagnostic Strategies. However, since the DKBI-RADS classification is in reality not a BI-RADS system but a modification hereof and includes elements of other 5-tier classification systems, there are indications in the study to suggest that the Danish BI-RADS reference can lead to confusion. It may therefore be appropriate to change the classification recommendations in Denmark and ensure that the classification system is given a more appropriate name.
Overall, this study found the diagnostic delay to be within the recommendation from EUSOMA for single SCBs. Re-SCBs have a diagnostic delay, which is more than recommended.
